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BRAKE FLUID PRESSURE CONTROL 
SYSTEM AND METHOD OF CONTROLLING 

THE SAME 

BACKGROUND OF THE INVENTION 

The present invention relates to a brake ?uid pressure 
control system designed to control the pressure of a brake 
?uid for use, particularly, in a motor vehicle. 

Recently, a brake ?uid pressure control system employs 
an external source of ?uid pressure. In such a system, ?uid 
pressure is developed in response to brake pedal displace 
rnent and applied from the external source to respective 
Wheels. The brake pedal displacement is detected based, for 
example, on a change in pressure Within a master cylinder. 

Japanese laid-open patent publication No. 5-65060 dis 
closes a similar brake ?uid pressure control system Wherein 
if a primary pressure fed from an external source of ?uid 
pressure is accidentally decreased, an auxiliary pressure is 
fed from a master cylinder to a Wheel cylinder for applica 
tion of the necessary braking force. To this end, the prior art 
system includes a fail safe valve Which is activated in 
accident condition to disconnect the Wheel cylinder from the 
external source and in turn, connect the Wheel cylinder 
directly to the master cylinder. In order to inspect the fail 
safe valve, it is necessary to place the motor vehicle in a 
maintenance area or a garage. 

Accordingly, it is an object of the present invention to 
provide a brake ?uid pressure control system Which alloWs 
for ready inspection of a fail safe valve and thus, rnaintains 
reliability of the fail safe valve. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention, there is 
provided a brake ?uid pressure control system for a motor 
vehicle, which comprises a Wheel cylinder for producing a 
braking force, a master cylinder for developing a ?uid 
pressure in response to brake pedal displacement and feed 
ing the ?uid pressure to the Wheel cylinder, an external 
source of ?uid pressure for supplying an external ?uid 
pressure to the Wheel cylinder, a ?uid pressure control valve 
for supplying the external ?uid pressure under control to the 
Wheel cylinder, a fail safe valve for connecting the Wheel 
cylinder selectively to the master cylinder and the ?uid 
pressure control valve, and a controller for controlling the 
?uid pressure control valve in response to the brake pedal 
displacement. The controller is operable to control the fail 
safe valve so that normally, the external source of ?uid 
pressure and the ?uid pressure control valve are connected 
to the Wheel cylinder, Whereas the master cylinder is con 
nected to the Wheel cylinder in the event of a system failure. 
The controller is also operable to control the fail safe valve 
so as to disconnect the Wheel cylinder from the ?uid pressure 
control valve and detect a change in pressure Within the 
Wheel cylinder during inspection of the fail safe valve. 

While the brake is in an inoperative state or the ?uid 
pressure control valve and the Wheel cylinder are maintained 
out of communication With one another under the in?uence 
of the fail safe valve, the ?uid pressure control valve is 
activated to feed ?uid pressure from the external source of 
?uid pressure. Inspection of the fail safe valve is carried out 
by detecting a change in pressure Within the Wheel cylinder. 
The driver is thus able to readily monitor the condition of the 
fail safe valve. 

In a preferred mode, the ?uid pressure control valve is so 
controlled as to gradually increase the external ?uid pres 
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2 
sure. The fail safe valve may be inspected When the vehicle 
is stopped, and the inspection may be carried out at given 
time intervals. Advantageously, means may be provided to 
provide a Warning in the event that the fail safe valve 
rnalfunctions. 

According to another aspect of the present invention, 
there is provided a method of controlling a brake ?uid 
pressure control system comprising a Wheel cylinder for 
producing a brake force, a master cylinder for developing a 
?uid pressure in response to brake pedal displacement and 
feeding the ?uid pressure to the Wheel cylinder, an external 
source of ?uid pressure for supplying an external ?uid 
pressure to the Wheel cylinder, a ?uid pressure control valve 
for supplying the external ?uid pressure under control to the 
Wheel cylinder, a fail safe valve for connecting the Wheel 
cylinder selectively to the master cylinder and the ?uid 
pressure control valve, and a controller for controlling the 
?uid pressure control valve in response to the brake pedal 
displacement, the controller being operable to control the 
fail safe valve so that normally, the external source of ?uid 
pressure and the ?uid pressure control valve are connected 
to the Wheel cylinder, Whereas the master cylinder is con 
nected to the Wheel cylinder in the event of a system failure, 
the method comprising the steps of determining Whether it 
is necessary to inspect the fail safe valve, controlling the fail 
safe valve so as to disconnect the Wheel cylinder from the 
?uid pressure control valve When it is determined to inspect 
the fail safe valve, and inspecting the fail safe valve by 
detecting a change in pressure Within the Wheel cylinder. 
The method may further comprise the step of controlling 

the ?uid pressure control valve so as to gradually increase 
the external ?uid pressure When it is determined to inspect 
the fail safe valve, and providing a Warning When a change 
in pressure Within the Wheel cylinder occurs. 

According to yet another aspect of the present invention, 
there is provided a brake ?uid pressure control system 
comprising a master cylinder for developing a ?uid pressure 
in response to brake pedal displacernent, an external source 
of ?uid pressure for developing a ?uid pressure greater than 
the ?uid pressure of the master cylinder, a ?uid pressure 
control valve disposed betWeen the external source of ?uid 
pressure and a Wheel cylinder, a controller for determining 
a target ?uid pressure in response to the brake pedal 
displacement, the controller being operable to control the 
?uid pressure control valve Whereby a control ?uid pressure 
is fed from the external source of ?uid pressure to the Wheel 
cylinder, a fail safe valve for disconnecting the Wheel 
cylinder from the ?uid pressure control valve and connect 
ing the Wheel cylinder to the master cylinder When the 
control ?uid pressure decreases beloW the target ?uid 
pressure, and means for inspecting the fail safe valve during 
no brake pedal displacement by detecting a change in 
pressure Within the Wheel cylinder When the ?uid pressure 
control valve is driven to feed the ?uid pressure from the 
external source of ?uid pressure to the Wheel cylinder While 
the Wheel cylinder is disconnected from the ?uid pressure 
control valve. 

According to a further aspect of the present invention, 
there is provided a brake ?uid pressure control system 
comprising brake force application means for applying a 
braking force to a Wheel, prirnary ?uid pressure supply 
means for supplying a primary ?uid pressure to the brake 
force application rneans, auxiliary ?uid pressure supply 
means for supplying an auxiliary ?uid pressure to the brake 
force application rneans, selection means for connecting the 
brake force application rneans selectively to the primary 
?uid pressure supply means and the auxiliary ?uid pressure 
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supply means, and control means for controlling the selec 
tion means so as to normally connect the brake force 
application means to the primary ?uid pressure supply 
means and connect the brake force application means to the 
auxiliary ?uid pressure supply means in the event of a 
system failure. The control means is operable to control the 
selection means so as to disconnect the primary ?uid pres 
sure supply means from the brake force application means 
When no brake is applied, control the primary ?uid pressure 
supply means so as to alloW the primary ?uid pressure 
supply means to supply the primary ?uid pressure, and 
inspect the selection means by detecting a change in pres 
sure Within the brake force application means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will noW be described by Way of 
example With reference to the accompanying draWings, in 
Which: 

FIG. 1 is a diagrammatic representation of a brake ?uid 
pressure control system according to one embodiment of the 
present invention; 

FIG. 2 is an enlarged sectional vieW of a ?uid pressure 
control valve for use in the brake ?uid pressure control 
system shoWn in FIG. 1; and 

FIG. 3 is a ?oW chart shoWing the manner in Which a fail 
safe valve is inspected. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring noW to FIG. 1, there is illustrated a brake ?uid 
pressure control system according to one embodiment of the 
present invention. A brake pedal 1 is connected through a 
rod 3 to a master cylinder 4 Which is, in turn, provided With 
a reservoir 5. A displacement sensor 2 is mounted to the rod 
3 so as to sense brake pedal displacement. 

The reference numeral 6 designates a Wheel cylinder for 
producing a braking force by the use of a ?uid under 
pressure. 7 designates an external source of ?uid pressure. 8 
designates a ?uid pressure control valve designed to receive 
a signal from the displacement sensor 2 and regulate the 
extent of a control ?uid pressure Which is fed from the 
external ?uid pressure source 7 to the Wheel cylinder 6. 11 
designates an electronic control unit operable to activate the 
?uid pressure control valve 8 so as to control the ?uid 
pressure. 

The external ?uid pressure source 7 includes a pump 12 
driven by a motor 12a and adapted to develop ?uid pressure. 
An accumulator 13 is connected to the output of the pump 
12 and maintains a high level of ?uid pressure. 

The pump 12 is driven so as to pressuriZe a brake ?uid 
draWn from a reservoir 14 and adapted to supply the brake 
?uid under pressure to the ?uid pressure control valve 8 of 
each vehicle Wheel. The reference numeral 15 designates a 
relief valve for releasing excess ?uid pressure to the reser 
voir 14. 

The ?uid pressure control valve 8 serves to regulate a 
control ?uid pressure to be applied from the external ?uid 
pressure source 7 to the Wheel cylinder 6. The control valve 
8 is operated under the control of the electronic control unit 
11. 

Referring to FIG. 2, the control valve 8 includes a valve 
body 20 Within Which a valve bore 22 is de?ned. An inlet 
port 24, a drain port 26 and an outlet port 28 are also de?ned 
in the body 20 and communicated With the valve bore 22. 
The inlet port 24 is connected through a line 31 to the 
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4 
external ?uid pressure source 7. The drain port 26 extends in 
such a manner as to provide communication betWeen oppo 
site ends of the valve bore 22. The drain port 26 is connected 
to a line 32 from the reservoir 14 and is open to ambient 
atmosphere. The outlet port 28 is connected through a line 
33 to a fail safe valve 51 Which Will be described later. 

A spool 30 is slidably received in the valve bore 22. The 
spool 30 has a reduced diameter at its center to form an 
annular groove 30a through Which the inlet port 24 and the 
outlet port 28 are communicated With one another. The 
annular groove 30a enables tWo variable ori?ces s and t to 
be de?ned betWeen the inlet port 24 and the spool 30 and 
betWeen the drain port 26 and the spool 30, respectively. As 
the spool 30 is moved to the left in FIG. 2, the variable 
ori?ce s is opened Whereas the variable ori?ce t is closed. 
This results in an increase in the pressure of a ?uid through 
the outlet port 28. Conversely, the pressure of the ?uid 
decreases When the spool 30 is moved to the right. 
A line 34 extends from the outlet port 28 and is connected 

to a reaction chamber 35. The reaction chamber 35 is de?ned 
adjacent to one end of the valve body 20. Within the reaction 
chamber 35, reaction means 36 is provided to produce a 
reactive force. The reaction means 36 includes a spring or 
similar element. A pin 38 is connected to one end of the 
spool 30 and is slidably received Within the reaction cham 
ber 35. The pin 38 is forced toWard the spool 30 by ?uid 
pressure fed from the line 34 and a force developed by the 
reaction means 36. A compression spring 39 is disposed 
betWeen one end of the valve bore 22 and the spool 30 and 
serves as a means for urging the spool to the right in FIG. 2. 

A solenoid valve 40 is mounted to the other end of the 
valve body 20. The solenoid valve 40 comprises an armature 
42 coaxial With the valve bore 22 and axially movable Within 
the body of the solenoid valve 40, a coil 44 and a yoke 46 
adapted to develop a force to axially move the armature 42, 
and a compression spring 48 disposed betWeen the armature 
42 and the yoke 46 and adapted to produce a leftWard bias. 
The coil 44 is designed to develop a force so as to axially 

move the armature 42 in response to the amount of a drive 
current I fed from the electronic control unit 11. The 
displacement of the armature 42 is proportional to the 
amount of the drive current I fed to the coil 44. 

The line 33 has one end connected to the outlet port 28 of 
the control valve 8 and the other end connected to a fail safe 
valve 51. A line 47 has one end connected to the master 
cylinder 4 and the other end connected to the fail safe valve 
51. The fail safe valve 51 includes a bias member 52 
disposed to provide communication betWeen the master 
cylinder 4 and the Wheel cylinder 6, and a solenoid 53 
adapted to receive a control current from the electronic 
control unit 11 and move a valve element against the bias of 
the bias member 52 so as to permit communication betWeen 
the control valve 8 and the Wheel cylinder 6. The fail safe 
valve 51 permits the Wheel cylinder 6 to be communicated 
selectively With the control valve 8 and the master cylinder 
4. 
The Wheel cylinder 6 is provided With a pressure sensor 

54 for detecting pressure Within the Wheel cylinder 6 and 
sending a corresponding signal to the electronic control unit 
11. 

Additionally, alert means 55 is provided to provide a 
Warning When the fail safe valve 51 malfunctions. The alert 
means 55 is in the form of a buZZer, a speaker, a lamp and 
other elements. If a Warning signal is sent from the elec 
tronic control unit 11, the alert means 55 is rendered 
operative to produce a Warning sound or light. 
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When the brake pedal 1 is depressed, the displacement 
sensor 2 is operable to detect brake pedal displacement and 
send a corresponding signal to the electronic control unit 11. 
The electronic control unit 11 is then operable to supply a 
control current to the solenoid 53 so as to move the valve 
element against the bias of the bias member 52. The Wheel 
cylinder 6 is thereafter disconnected from the master cylin 
der 4 and in turn, connected to the control valve 8. 

The electronic control unit 11 also serves to determine a 
target ?uid pressure in response to brake pedal displacement 
as sensed by the displacement sensor 2 and supply a corre 
sponding drive current I to the solenoid valve 40 of the 
control valve 8. With the drive current I, the spool 22 of the 
control valve 8 is moved to the left (or boost side) in FIG. 
2. Fluid pressure is then fed from the external source 7 of 
?uid pressure through the control valve 8 and the fail safe 
valve 51 to the Wheel cylinder 6 so as to apply a predeter 
mined level of braking force to the respective Wheel. 

If, for some reason, the ?uid pressure decreases beloW the 
target ?uid pressure, a corresponding signal is sent from the 
pressure sensor 54 to the electronic control unit 11. The 
electronic control unit 11 is then operable to no longer 
supply a control current to the fail safe valve 51. As a result, 
the valve element of the fail safe valve 51 is moved under 
the action of the bias member 52. This movement causes the 
Wheel cylinder 6 to be disconnected from the control valve 
8 and instead, connected to the master cylinder 4. Pressure 
developed by the master cylinder as the brake pedal is 
depressed is directly supplied to the Wheel cylinder 6. 

The present invention provides a highly reliable brake 
?uid pressure control system in that if pressure from the 
external source 7 is undesirably decreased, the fail safe valve 
51 is operable to directly feed pressure from the master 
cylinder to the Wheel cylinder 6 so as to apply an appropriate 
level of braking force. 

FIG. 3 is a ?oW chart shoWing the manner in Which the 
fail safe valve 51 is inspected. 
When the brake pedal 1 is depressed, the solenoid 53 of 

the fail safe valve 51 becomes “on” Whereby the ?uid 
pressure control valve 8 and the Wheel cylinder 6 are brought 
into communication With each other. At this time, a drive 
current I is generated in response to the brake pedal dis 
placement and fed to the ?uid pressure control valve 8. Fluid 
pressure under control is thereafter fed from the external 
source of ?uid pressure 7 to the Wheel cylinder 6 so as to 
apply a braking force to the Wheel (see steps S1 to S4). 

Inspection is initiated When the fail safe valve 51 is “off”, 
that is, When the brake pedal is not in use. At this time, ?ag 
1=1. The electronic control unit 11 is then operable to feed 
a drive current I0 to the ?uid pressure control valve 8 so that 
the spool 30 is prepared to move (see steps S5 to S8). This 
drive current I0 is an initial current value Which is not high 
enough to actually move the spool 30 of the ?uid pressure 
control valve 8. 

Thereafter, the drive current I is increased incrementally 
by AI, for example, 5 to 10 ms each (Flag 1=1). The drive 
current I is increased up to the value It Which enables ?uid 
pressure under control to be fed from the external source of 
?uid pressure 7 to the Wheel cylinder 6 When the fail safe 
valve 51 is “on” (see steps S9 to S12). Preferably, the drive 
current I is incrementally increased so as to inhibit sudden 
operation of the Wheel cylinder 6. 

The drive current I0 is supplied to the ?uid pressure 
control valve 8 When the inspection is initiated. The spool 30 
can thus be moved immediately as an increase in the drive 
current I takes place. This arrangement enables all the 
inspection steps to be carried out Within a short period of 
time. 
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6 
While the drive current I is increased from the value I0 to 

the value It, the electronic control unit 11 is operable to 
detect generation of pressure Within the Wheel cylinder 
based on a signal from the pressure sensor 54. Such gen 
eration occurs in the event that the fail safe valve 51 
malfunctions or the ?uid pressure control valve 8 and the 
Wheel cylinder 6 are not completely maintained out of 
communication With one another. As this occurs, a Warning 
sound or light is fed from the alert means (for example, a 
buZZer, a speaker or a lamp) 55 so as to inform the driver of 
a system failure (see step 13). The alert means is reset When 
the ignition sWitch is “on”. 

If no change occurs While the drive current I is increased 
up to the value It, the electronic control unit 11 determines 
that the fail safe valve 51 is properly functioning. The value 
of Flag then becomes Zero (Flag 1=0), and the drive current 
I also becomes Zero. This completes the inspection steps (see 
steps S14 and S15). 
As thus far described, the fail safe valve 51 is inspected 

While the brake is in an inoperative state. If the fail safe 
valve 51 malfunctions, a corresponding Warning sound or 
light is given to the driver. In other Words, the driver by 
himself is able to readily monitor the condition of the fail 
safe valve 51. The present invention is thus capable of 
providing a highly reliable brake control system. 

It should be noted that the fail safe valve 51 can be 
inspected at given time intervals, or When the vehicle is 
stopped. 
The present invention has been described With respect to 

its preferred embodiment. It is to be understood that various 
modi?cations and changes may be made Without departing 
from the scope of the invention as de?ned by the appended 
claims. 
What is claimed is: 
1. A brake ?uid pressure control system for a motor 

vehicle, comprising: 
a Wheel cylinder for producing a braking force; 
a master cylinder for developing a ?uid pressure in 

response to brake pedal displacement and feeding said 
?uid pressure to said Wheel cylinder; 

an external source of ?uid pressure for supplying an 
external ?uid pressure to said Wheel cylinder; 

a ?uid pressure control valve for supplying said external 
?uid pressure under control to said Wheel cylinder; 

a fail safe valve for connecting said Wheel cylinder 
selectively to said master cylinder and said ?uid pres 
sure control valve; and 

a controller for controlling said ?uid pressure control 
valve in response to the brake pedal displacement, 

said controller being operable to control said fail safe 
valve so that said external source of ?uid pressure and 
said ?uid pressure control valve are connected to said 
Wheel cylinder in response to the brake pedal displace 
ment under a normal condition of the system, and that 
said master cylinder is connected to said Wheel cylinder 
under a failed condition of the system, 

said controller being further operable to carry out an 
inspection of said fail safe valve, under a condition of 
no brake pedal displacement, by controlling said fail 
safe valve so as to disconnect said Wheel cylinder from 
said ?uid pressure control valve, controlling said ?uid 
pressure control valve so that the external ?uid pressure 
is supplied through said ?uid pressure control valve 
toWard said Wheel cylinder, and detecting a generation 
of pressure Within said Wheel cylinder as an indication 
of failure of said fail safe valve. 
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2. The system of claim 1, wherein during said inspection 
of said fail safe valve, said controller is operable to control 
said ?uid pressure control valve so as to gradually increase 
the external ?uid pressure. 

3. The system of claim 1, Wherein said controller is 
operable to inspect said fail safe valve at given time inter 
vals. 

4. The system of claim 1, further comprising alert means 
for providing a Warning during said inspection of said fail 
safe valve When said fail safe valve malfunctions. 

5. A method of controlling a brake ?uid pressure control 
system of a motor vehicle, said brake ?uid pressure control 
system comprising a Wheel cylinder for producing a brake 
force, a master cylinder for developing a ?uid pressure in 
response to brake pedal displacement and feeding said ?uid 
pressure to said Wheel cylinder, an external source of ?uid 
pressure for supplying an external ?uid pressure to said 
Wheel cylinder, a ?uid pressure control valve for supplying 
said external ?uid pressure under control to said Wheel 
cylinder, a fail safe valve for connecting said Wheel cylinder 
selectively to said master cylinder and said ?uid pressure 
control valve, and a controller for controlling said ?uid 
pressure control valve in response to the brake pedal 
displacement, said controller being operable to control said 
fail safe valve so that normally, said external source of ?uid 
pressure and said ?uid pressure control valve are connected 
to said Wheel cylinder, Whereas said master cylinder is 
connected to said Wheel cylinder in the event of a system 
failure, said method comprising: 

determining Whether it is necessary to inspect said fail 
safe valve; 

controlling said fail safe valve so as to disconnect said 
Wheel cylinder from said ?uid pressure control valve 
When it is determined to inspect said fail safe valve; 

controlling said ?uid pressure control valve so that the 
external ?uid pressure is forcibly supplied through said 
?uid pressure control valve toWard said Wheel cylinder; 
and 

inspecting said fail safe valve by detecting a generation of 
pressure Within said Wheel cylinder as an indication of 
failure of said fail safe valve. 

6. The method of claim 5, Wherein in said determining 
step, said fail safe valve is inspected When no brake pedal 
displacement takes place. 

7. The method of claim 6, further comprising the step of 
controlling said ?uid pressure control valve so as to gradu 
ally increase said external ?uid pressure When it is deter 
mined to inspect said fail safe valve. 

8. The method of claim 6, Wherein said fail safe valve is 
inspected at given time intervals. 

9. The method of claim 5, further comprising providing a 
Warning When the generation of pressure Within said Wheel 
cylinder occurs during inspection. 

10. A brake ?uid pressure control system comprising: 
a master cylinder for developing a ?uid pressure in 

response to brake pedal displacement; 
an external source of ?uid pressure for developing a ?uid 

pressure greater than said ?uid pressure of said master 
cylinder; 
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8 
a ?uid pressure control valve disposed betWeen said 

external source of ?uid pressure and a Wheel cylinder; 

a controller for determining a target ?uid pressure in 
response to said brake pedal displacement, said con 
troller being operable to control said ?uid pressure 
control valve Whereby a control ?uid pressure is fed 
from said external source of ?uid pressure to said Wheel 
cylinder; 

a fail safe valve for disconnecting said Wheel cylinder 
from said ?uid pressure control valve and connecting 
said Wheel cylinder to said master cylinder When said 
control ?uid pressure decreases beloW said target ?uid 
pressure; and 

means for inspecting said fail safe valve for failure during 
no brake pedal displacement by detecting a generation 
of pressure Within said Wheel cylinder When said ?uid 
pressure control valve is driven so that said ?uid 
pressure of said external source is forcibly fed from 
said external source of ?uid pressure through said ?uid 
pressure control valve toWard said Wheel cylinder While 
said Wheel cylinder is disconnected from said ?uid 
pressure control valve. 

11. A brake ?uid pressure control system comprising: 

brake force application means for applying a braking 
force to a Wheel; 

primary ?uid pressure supply means for supplying a 
primary ?uid pressure to said brake force application 
means; 

auxiliary ?uid pressure supply means for supplying an 
auxiliary ?uid pressure to said brake force application 
means; 

selection means for connecting said brake force applica 
tion means selectively to said primary ?uid pressure 
supply means and said auxiliary ?uid pressure supply 
means; and 

control means for controlling said selection means so as 

to normally connect said brake force application means 
to said primary ?uid pressure supply means and con 
nect said brake force application means to said auxil 
iary ?uid pressure supply means in the event of a 
system failure, 

said control means being operable to control said selec 
tion means so as to disconnect said primary ?uid 

pressure supply means from said brake force applica 
tion means When no brake is applied, control said 
primary ?uid pressure supply means so as to alloW said 
primary ?uid pressure supply means to forcibly supply 
said primary ?uid pressure, and inspect said selection 
means for failure by detecting a generation of pressure 
Within said brake force application means While said 
selection means is controlled so as to disconnect said 

primary ?uid pressure supply means from said brake 
force application means and While no brake is applied. 


